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METHOD OF AND APPARATUS FOR FORMING 
IMAGE 

FIELD OF THE INVENTION 

[0001] The present invention relates to a method of and an 
apparatus for forming image(s) comprising a hard disk 
controller that operates a plurality of hard disk drives 
(HDD’s) in parallel, to rapidly read/Write enormous amounts 
of data, such as image data processed With an electronic 
?ling system. 

BACKGROUND OF THE INVENTION 

[0002] It has been knoW that storage device arrays includ 
ing a plurality of storage devices such as HDD’s that are 
operated in parallel, alloW fast reading/Writing of data. A 
conventional storage device array has an array controller, 
Which Works as a control section, and Which may be 
provided in a form of an expansion board connected to a bus 
in a personal computer. 

[0003] The array controller in the form of an eXpansion 
board is inserted in an eXpansion slot of the personal 
computer, and connected to a group of storage devices to be 
controlled. The array controller controls the group of storage 
devices according to instructions sent from the personal 
computer. The array controller reads/Writes blocks of data 
from/into different drives of the group of storage devices, 
While changing the drive to be read/Written from/into block 
by block. 

[0004] FIG. 19 illustrates an eXample of hoW a conven 
tional array controller (hard disk controller) Writes data into 
a plurality of HDD’s. In this eXample, 96 kilobytes (KB) of 
data are Written into four HDD’s, block by block, each block 
having a siZe of 16 KB. 

[0005] As shoWn in FIG. 19, the data are divided and 
Written into the different discs in sequence starting from the 
?rst 16 KB block of data into a disc 0. After the fourth block 
is Written into a disc 4, the neXt block is Written into the disc 
0, and so on. In general, HDD’s are each provided With a 
data buffer having a capacity of 16 KB or more such that 
data to be transferred can be stored in the data buffer ?rst 
before they are Written into the disk. Accordingly, data can 
be Written into different HDD’s in sequence, such that a 
block of data is Written into an HDD While another block of 
data is being transferred to another HDD from a data buffer 
inside. As a result, fast data transfer can be achieved. 

[0006] Such a method of dividing data into different 
HDD’s is disclosed in the Japanese Laid Open Paten Appli 
cation No. 10-326154 titled “Array controller and data 
server”. HoWever, the con?guration of the array controller 
disclosed in this application is rather compleX. That is, a 
special central processing unit (CPU) is required for the 
array controller, and it is required that hard disks are 
specially controlled With softWare that analyZes commands 
on the bus. 

[0007] Some of the present day image formation appara 
tuses such as digital copiers are provided With a plurality of 
HDD’s. Development of hard disk controllers to be used in 
such image formation apparatuses are in great demand, the 
hard disk controllers Which can transfer image data to the 
plurality of HDD’s fast and control the HDD’s ef?ciently. 
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SUMMARY OF THE INVENTION 

[0008] It is an object of the present invention to provide a 
method of and an apparatus for forming image(s) compris 
ing a simply con?gured hard disk controller that can transfer 
image data to a plurality of HDD’s fast, and control the 
plurality of HDD’s ef?ciently as a single HDD. 

[0009] It is another object of the invention to provide a 
method of and an apparatus for forming image(s), compris 
ing a hard disk controller, Which can specify an HDD out of 
a plurality of HDD’s, the HDD in Which a malfunction has 
occurred. 

[0010] It is still another object of the invention to provide 
a method of and an apparatus for forming image(s), com 
prising a hard disk controller, Which can specify an HDD out 
of a plurality of HDD’s, the HDD in Which a decrease in its 
transfer rate has been caused. 

[0011] It is yet anther object of the invention to provide a 
method of and an apparatus for forming image(s), compris 
ing a hard disk controller, Which can specify an HDD out of 
a plurality of HDD’S, the HDD in Which a decrease in its 
transfer rate has been caused by factors other than emergent 
disturbances such as vibrations. 

[0012] The image formation apparatus according to the 
present invention comprises an input unit Which acquires an 
image data, a central processing unit Which controls an 
overall operation of the apparatus, a plurality of hard disk 
drives Which store the image data, a memory Which stores at 
least one page of the image data, a direct memory access 
controller Which controls reading/Writing of the image data 
from/into the memory, a hard disk controller Which sends/ 
receives the image data to/from the direct memory access 
controller When reading/Writing the image data from/into the 
memory and controls reading/Writing of image data from/ 
into the hard disk drives, and an image formation unit Which 
forms an image based on the image data. In the method of 
and apparatus for image formation according to the present 
invention, the hard disk controller controls setting of param 
eters, issuance of commands, and reading of statuses for the 
hard disk drives substantially at the same time, divides the 
image data into a plurality of pieces, and eXecutes direct 
memory access transfer of the pieces of the image data to the 
hard disk drives substantially at the same time. 

[0013] Other objects and features of this invention Will 
become apparent from the folloWing description With refer 
ence to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a block diagram, Which illustrates a 
con?guration of the image formation apparatus according to 
the present invention, 

[0015] FIG. 2 is a ?oWchart, Which represents a copying 
operation using an electronic sorting function of the image 
formation apparatus shoWn in FIG. 1, 

[0016] FIG. 3 is a block diagram, Which illustrates an 
internal con?guration of the HDD array control integrated 
circuit shoWn in FIG. 1, 

[0017] FIG. 4 is diagram, Which illustrates a con?guration 
of the register shoWn in FIG. 3, 
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[0018] FIG. 5 is a diagram, Which illustrates input/output 
of signals into/from the HDD interface (I/F) shown in FIG. 
3, 
[0019] FIG. 6 is a diagram, Which illustrates generation of 
signals When a state machine Writes into an HDD, 

[0020] FIG. 7 is a diagram, Which shoWs an example of 
the generation of signals When a state machine Writes into an 
HDD, 

[0021] FIG. 8 is a diagram, Which shoWs an operation of 
the HDD UP, 

[0022] FIG. 9 is a diagram, Which shoWs a method of 
storing image data into the HDD’s, 

[0023] FIG. 10 is a diagram, Which illustrates an example 
of transfer of image data using “?rst in, ?rst out” (FIFO) 
memories, 
[0024] FIG. 11 is a diagram, Which illustrates another 
example of transfer of image data using FIFO memories, 

[0025] FIG. 12 is a diagram, Which illustrates yet another 
example of transfer of image data using FIFO memories, 

[0026] FIG. 13 is a diagram, Which shoWs a state in Which 
one of the HDD’s has failed, 

[0027] FIG. 14 is a diagram, Which shoWs an example of 
a format of a register HDCON, 

[0028] FIG. 15 is a diagram, Which shoWs a state in Which 
the transfer rate of one of the HDD’s has decreased, 

[0029] FIG. 16 is a diagram, Which shoWs an example of 
a counting operation of a CPU I/F section in a central 
processing unit-direct memory access interface (CPU-DMA 
I/F) section, 
[0030] FIG. 17 is a diagram, Which shoWs an example of 
a format of a time-out register, 

[0031] FIG. 18 is a diagram, Which shoWs another 
example of the counting operation of the CPU I/F section in 
the CPU-DMA I/F section, and 

[0032] FIG. 19 is a diagram, Which represents a conven 
tional technology. 

DETAILED DESCRIPTIONS 

[0033] Embodiments of a method of and an apparatus for 
forming image(s) according to the present invention Will 
noW be explained in detail While referring to the accompa 
nying draWings. 

[0034] The image formation apparatus according to a ?rst 
embodiment Will be explained While referring to FIGS. 1 to 
12. FIG. 1 is a block diagram, Which shoWs a con?guration 
of the image formation apparatus according to the ?rst 
embodiment. The apparatus comprises a CPU 101, an image 
input section 102, an image output section 103, a direct 
memory access control integrated circuit (DMA control IC 
or DMA controller) 104, a memory 105, an HDD array 
control IC (hard disk controller) 106 and four HDD A 107a 
to HDD D 107d complying With the ATA standard. The CPU 
101 controls an overall operation of the image formation 
apparatus. The image input section 102 includes an auto 
matic document feeder and a scanner, and reads 
image data from documents. The image output section 103 
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prints out the image data, on sheets of paper using electro 
photography. The direct memory access control integrated 
circuit (DMA control IC or DMA controller) 104 controls 
reading/Writing of image data from/into the memory 105 and 
the memory 105 stores at least one page of image data and 
for example may be a dynamic random access memory 
(DRAM). The HDD array control IC (hard disk controller) 
106 controls reading/Writing of image data from/into the 
four HDD A 107a to HDD D 107d Which store image data. 
The HDD A 107a to HDD D 107d all have the same 
con?guration. 

[0035] Operation of the image formation apparatus nor 
mally performed When obtaining a copy of a document 
(“normal copying operation”) Will noW be explained. When 
the CPU 101 generates an instruction to start a normal 
copying operation, the image input section 102 reads image 
data of one page of the document and transfers the read-out 
image data to the DMA control IC 104. The DMA control IC 
104 ?rst stores the image data into the memory 105, ie 
before transferring the image data to the image output 
section 103. The image output section 103 outputs the image 
data by printing them onto a transfer paper. 

[0036] Operation of the image formation apparatus nor 
mally performed When obtaining a copy of a document using 
an electronic sorting function of the image formation appa 
ratus Will noW be explained While referring to FIG. 2. FIG. 
2 is a ?oWchart, Which shoWs the copying operation using 
the electronic sorting function of the image formation appa 
ratus. 

[0037] As shoWn in FIG. 2, When the CPU 101 generates 
an instruction to start the copying operation using the 
electronic sorting, the image input section 102 reads image 
data from one page of document and transfers the image data 
to the DMA control IC 104. The DMA control IC 104 stores 
the image data into the memory 105 ?rst (step S1) and then 
reads out the image data stored in the memory 105 to 
transfer the image data to the HDD array control IC 106. The 
HDD array control IC 106 stores the image data into the 
HDD A 107a to HDD D 107d (step S2). In step S2, the 
image data in the memory 105 is divided and DMA trans 
ferred at the same time into the HDD A107a to HDD D 107d 
from the DMA control IC 104 via the HDD array control IC 
106 (see FIG. 9). 

[0038] Next, the CPU 101 determines Whether reading of 
all pages of the document has been completed or not (step 
S3). If all the pages have been read, the CPU 101 proceeds 
to step S4, and if not, the CPU 101 repeats steps S1 to S3 
until all the pages have been read. 

[0039] The HDD array control IC 106 then reads out the 
image data stored in the HDD A 107a to HDD D 107a' and 
transfers the image data to the DMA control IC 104. The 
DMA control IC 104 then stores the image data into the 
memory 105 (step S4) and sends the image data to the image 
output section 103 that outputs the image data by printing 
them onto a transfer paper (step S5). The CPU 101 then 
determines Whether output of images of all the pages has 
been completed or not (step S6). If it has been completed, 
the CPU 101 proceeds to step S7, and if not, the CPU 101 
repeats steps S4 to S6 until all is output. 

[0040] When the images of all the pages have been output, 
the CPU 101 determines Whether a set number of prints have 



US 2002/0138697 A1 

been output or not, in step S7. If the set number of copies 
have been output, the How of the copying operation ends and 
if not, the CPU 101 repeats steps S4 to S7 until the set 
number of copies of the images are output. 

[0041] Acon?guration and an operation of the HDD array 
control IC (hard disk controller) 106 Which is a character 
istic feature of the present invention Will noW be explained 
in detail While referring to FIGS. 3 to 12. The HDD array 
control IC 106 sets commands and transfers image data to 
the HDD A 107a to HDD D 107d at the same time among 
the HDD’s. 

[0042] FIG. 3 is a block diagram, Which shoWs a con 
?guration of the HDD array control IC 106 shoWn in FIG. 
1. The HDD array control IC 106 comprises a central 
processing unit-direct memory access interface (CPU-DMA 
I/F) section 201 and HDD interfaces HDD I/F A 202a to 
HDD I/F D 202d. The CPU-DMA I/F section 201 Works as 
an interface betWeen the CPU 101 and the DMA control IC 
104. The HDD I/F A202a to HDD I/F D 202d each receives 
a command and the image data sent from the CPU-DMA I/F 
section 201 and independently transfers them to the respec 
tive one of the HDD A107a to HDD D 107d. The HDD I/F 
A202a to HDD I/F D 202d all have the same con?guration. 

[0043] The CPU-DMA I/F section 201 comprises a CPU 
I/F section 201a and a DMA I/F section 201b. The CPU I/F 
section 201a interfaces betWeen the CPU 101 and the HDD 
I/F’s, and includes a register 201c that can be read/Written 
out/into by the CPU 101. The CPU I/F section 201a decodes 
the commands and parameters that have been set by the CPU 
101 in the register 201c, to instruct generation of signals that 
command reading/Writing from/into the HDD A 107a to 
HDD D 107a' and initiation of DMA. The DMA I/F section 
201b interfaces betWeen the DMA control IC 104 and the 
HDD I/F’s. The DMA I/F section 201b transfers imaged at 
a to the DMA data control sections 402a to 402d, When all 
the DMA data control sections 402a to 402d are ready to 
receive data, after accumulating the image data Which are 
Worth a number of Words (an amount of data) transferable to 
the HDD A 107a to HDD D 107d. 

[0044] Each of the HDD I/F A202a to HDD I/F D 202d 
comprises a corresponding one of state machines 401a to 
401d, and a corresponding one of DMA data control sections 
402a to 402d. When the state machines 401a to 401d receive 
from the CPU I/F section 201a, an instruction to Write 
commands into the HDD’s or read statuses of the HDD’s, 
the state machines 401a to 401d generate access signals for 
the HDD A 107a to HDD D 107d. When the state machines 
401a to 401d receive an instruction to start DMA they 
interface betWeen the DMA data control sections 402a to 
402a' and the HDD A 107a to HDD D 107d, and generates 
interface signals for the HDD’s to eXecute DMA transfer of 
image data. When the state machines 401a to 401d then 
receive from the DMA I/F 201b, a trigger signal RTRG that 
instructs to start data transfer, the state machines 401a to 
401d respectively transfer image data to the HDD A 107a to 
HDD D 107d. 

[0045] The DMA data control sections 402a to 402d 
interface betWeen the DMA I/F section 201b and the state 
machines. The DMAdata control sections 402a to 402d each 
comprises a pair of toggle “?rst in, ?rst out” (FIFO) memo 
ries (buffer) 403 inside for storing the image data transferred 
from the DMA I/F section 201b. The DMA data control 
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sections 402a to 402d store the image data to be Written into 
the HDD A 107a to HDD B 107b, into the pairs of FIFO 
memories (buffer) 403 and transfer the image data to the 
HDD A107a to HDD B107b. 

[0046] FIG. 4 shoWs an eXample of a con?guration of the 
register 201c in the CPU I/F section 201 shoWn in FIG. 3. 
The register 201c comprises a register HDCON 301 from/ 
into Which the CPU 101 reads/Writes a setting of the HDD 
array control IC 106, and Write registers (i.e. registers 
dedicated for Writing) SECCOUNTW 302, SECNUMW, 
CYLLOW, CYLHIW and COMMAND specially available 
to be Written into by the CPU 101 and common to all the 
HDD A 107a to HDD D 107d. The register 201c further 
comprises read registers (i.e. registers dedicated for reading) 
SECCOUNT_A 303a to SECCOUNT D 303d, SEC 
NUMR_A to D, CYLLOR_A to D, CYLHIR_A to D, and 
STAT US_A to D, specially available to be read by the CPU 
101, and Which are provided respectively for each of the 
HDD A 107a to HDD D 107d. 

[0047] The CPU 101 Writes one value in the respective 
Write register When the CPU 101 issues a command or Writes 
a parameter for the HDD A 107a to HDD D 107d. Accord 
ingly, the CPU I/F section 201a then issues the value that has 
been Written in the Write register, to all the HDD A 107a to 
HDD D107a' at the same time. The CPU I/F section 201a 
also Writes values read out from the HDD A 107a to HDD 
D 107d at the same time, the values corresponding to 
statuses or parameters of the HDD’s and to be referred to by 
the CPU 101, into the respective read registers. The Write 
registers are designed such that one value can be Written in 
each to eXecute setting of a command or a parameter for the 
HDD A 107a to HDD D 107d at the same time. On the 
contrary, since different values may be read out individually 
from the HDD A 107a to HDD D 107d, the read registers are 
designed such that four values can be read out from the 
HDD’s at the same time. 

[0048] The siZe of each register is 4 bytes. In FIG. 4, an 
address 6000 represents the register HDCON 301 for setting 
the HDD array control IC 106, and an address 6008 repre 
sents the register SECCOUNTW 302 for setting a number of 
sectors of data to be transferred (SECCOUNT), the number 
Which is to be Written into sector count registers of the HDD 
A107a to HDD D 107d. Further, an address 6010 represents 
the registers SECCOUNTR_A 303a to SECCOUNTER_D 
303d into Which numbers of sectors of data transferred are 
Written, the numbers Which has been read out from the sector 
count registers of the HDD A 107a to HDD D 107d. The 
CPU 101 can read out these numbers Written into the 

registers SECCOUNTR_A 303a to SECCOUNTER_D 
303D. 

[0049] Registers in addresses 6018 to 6040 relate to 
address settings inside the HDD’s. The address 6018 rep 
resents the register SECNUMW into Which a sector number 
is Written, and the address 6020 represents the registers 
SECNUMR_A to D from Which sector numbers are read out. 
The address 6028 represents the register CYLLOW into 
Which a cylinder number LOW is Written, and the address 
6030 represents the registers CYLLOR_A to D from Which 
cylinder numbers LOW’s are read out. The address 6038 
represents the register CYLHIW into Which a cylinder 
number HIGH is Written, and the address 6040 represents 
the registers CYLHIR_A to D from Which cylinder numbers 
HIGH’s are read out. 
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[0050] An address 6048 represents the register COM 
MAND from Which a command instructing data transfer for 
example is issued to the HDD A107a to HDD D 107d. Since 
only Writing of the command into the HDD’s is executed, 
there are no registers for reading a command from the 
HDD’s. An address 6050 represents the registers STA 
TUS_A to D into Which status values read out from the HDD 
A 107a to HDD D 107d are Written. Since only reading of 
the statuses of the HDD A 107a to HDD D 107d by the CPU 
101 is executed, there is no register for Writing in the status. 

[0051] FIG. 5 is a diagram illustrating input/output of 
signals into/from the HDD UP A 202a to HDD I/F D 202d 
shoWn in FIG. 3. After the CPU 101 executes setting of the 
register 201c, the CPU I/F section 201a decodes the set 
address values in the register 201c, and issues signals and 
the set values (CPUdata) to each of the state machines 401a 
to 401d in the HDD I/F A202a to HDD I/F D 202d. These 
signals include a chip select signal CS [1:0] and an address 
signal AD [2:0] Which are IDE (Integrated Drive Electron 
ics) I/F signals, a signal that sets reading/Writing from/into 
the HDD’s, and a trigger signal RTRG for starting data 
transfer. 

[0052] FIG. 6 is a ?gure illustrating generation of signals 
When the state machines 401a to 401d Write into the HDD 
A 107a to HDD D 107d. When the CPU 101 Writes a value 
“07H” into the SECCOUNTW register in the address 6008 
of the register 201c for example, the CPU I/F section 201a 
outputs the same IDE signals to all the HDD A 107a to HDD 
D 107d at the same time. Correspondingly, as shoWn in FIG. 
6, the state machines 401a to 401d each assigns signals, 
Where CS [1:0]=01b, and AD [2:0]=011b, to each of the 
corresponding HDD A 107a to HDD D 107d, asserts a signal 
DIOW, and Writes the value “07H” into the respective sector 
count register of the HDD. 

[0053] After Writing into the HDD A 107a to HDD D 107d 
is completed, the state machines 401a to 401d issue return 
strobe signals RSTB’s to the CPU I/F section 201a. When 
the signals RSTB’s have been issued from all the HDD UP 
A 202a to HDD I/F D 202d, the CPU I/F section 201a 
permits the CPU 101 to set the register as described beloW. 

[0054] FIG. 7 shoWs a diagram illustrating generation of 
signals to execute reading of statuses from the HDD A 107a 
to HDD D 107d by the state machines 401a to 401d. When 
the state machines 401a to 401d read out the set address 
values from the registers STATUS_A to D in the address 
6050 of the register 201c, the state machines 401a to 401d 
each assigns signals CS [1:0]=01b andAD [2:0]=111b to the 
respective one of the HDD A 107a to HDD D 107d, and 
asserts a signal DIOR to read the statuses of the HDD’s. In 
this example too, the CPU I/F section 201a issues signals to 
all the HDD I/F A202a to HDD I/F D 202d at the same time, 
to output the same IDE signals to all the HDD’s at the same 
time. 

[0055] After reading of the HDDA 107a to HDD D 107d 
is completed, the state machines 401a to 401d each issues an 
RSTB (return strobe) signal to the CPU I/F section 201a. 
When the RSTB signals from all the HDD UP A 202a to 
HDD I/F D 202d have been issued the CPU I/F section 201a 
noti?es the CPU 101 that the status data read out are valid. 

[0056] DMA transfer of image data from the memory 101 
to the HDD A 107a to HDD D 107d Will noW be described 
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in detail. FIG. 8 is a diagram illustrating operations of the 
HDD I/F A202a to HDD I/F D 202d. When the CPU 101 
Writes parameters required for the DMA transfer, into the 
register 201c in the CPU I/F section 201a of the HDD array 
control IC 106, the HDD UP A 202a to HDD I/F D 202d 
each sets parameters into the HDD A 107a to HDD D 107d, 
the parameters required for the DMA transfer, such as an 
address in the storage area of the HDD and number of 
sectors to be transferred. 

[0057] After setting the parameters into the register 201c, 
the CPU 101 Writes in a DMA Write command CAH into the 
COMMAND register in the address 6048, the register for 
issuing a command. The HDD UP A 202a to HDD I/F D 
202d then issue the command CAH to all the HDD A 107a 
to HDD D 107d at the same time. When the command CAH 
is issued, the HDD’s go into a Wait state for data transfer. 
The CPU 101 sets a bit RW of a data transfer register in the 
register HDCON that is in the address 6000 of the register 
201c, into a value “1”, to specify the direction of transfer 
such that the DMA transfer from the memory 105 to the 
HDD’s is carried out. 

[0058] When the CPU 101 sets the most signi?cant bit 
MSB, Which is a data transfer initiation bit DEXE, in the 
register HDCON of the register 201c, the CPU I/F section 
201 issues a trigger signal (DTRG signal) to start DMA 
transfer to each of the state machines 401a to 401d Which are 
in the HDD UP A 202a to HDD I/F D 202d. The state 
machines 401a to 401d each generates an HDD interface 
signal at a timing appropriate for DMA transfer. The image 
data read out by the DMA control IC 104 from the memory 
105 is transferred via the DMA I/F section 201b to be stored 
in the FIFO memories 403 of the DMA data control sections 
402a to 402d, before the state machines 401a to 401d Write 
the data into the HDD 107a to 107d. 

[0059] When a set number of sectors have been DMA 
transferred, the HDD A 107a to HDD D 107d issue an 
interrupt to notify that the data transfer has ended. To issue 
this interrupt, each of the HDD A 107a to HDD D 107d 
outputs an interrupt signal to the CPU I/F section 201a (not 
shoWn). The CPU I/F section 201a Waits until it receives the 
interrupt signals from all the HDD’s before it generates an 
interrupt to the CPU 101, since each of the HDD’s is 
operated by an independent interface and has a different data 
transfer rate. 

[0060] When the CPU 101 receives the interrupt, it reads 
the status registers in the address 6050 of the register 201c 
to check statuses of the HDD’s after the DMA transfer. 

[0061] A method of storing image data into the HDD A 
107a to HDD D 107d Will noW be explained in detail While 
referring to FIG. 9. In FIG. 9, a letter d indicates data 
representing a pixel of the image data. The siZe of the data 
representing one pixel here is 64 bits (one pixel equivalent 
to 64 bits) In the HDD array control IC 106, the DMA I/F 
section 201b divides the data representing a pixel, Which are 
transferred from the DMA control IC 104, into 16 bits. The 
DMA I/F section 201b then stores the divided image data 
into the HDD A 107a to HDD D 107d approximately at the 
same time assigning them as shoWn in FIG. 9, by transfer 
ring them through the HDD I/F A202a to HDD I/F D 202d. 

[0062] As already explained, the HDD I/FA202a to HDD 
I/F D 202d each comprises a pair of toggle FIFO memories 
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403 in the respective one of the DMA data control sections 
402a to 402d such that differences in transfer rates betWeen 
the HDD A 107a to HDD D 107d can be compensated. 
Transfer of image data using these pairs of FIFO memories 
403 Will be explained in detail While referring to FIGS. 10 
to 12. 

[0063] As shoWn in FIGS. 10 and 11, When there is space 
in the corresponding FIFO memories 403, the HDD I/F A 
202a to HDD I/F D 202d (DMA data control sections 402a 
to 402d) each asserts an REQ signal to permit transfer of 
image data. 

[0064] The CPU-DMA I/F section 201 transfers the image 
data to the HDD A 107a to HDD D 107d When all the HDD 
I/F A 202a to HDD I/F D 202d assert the REQ signal such 
that the image data are sent to the HDD’s at the same time. 
As shoWn in FIGS. 10 and 11, after the CPU-DMA I/F 
section 201 Writes image data into the FIFO memories 403 
until the pair of FIFO memories 403 become full, the 
corresponding one of HDD I/F A202a to HDD I/F D 202d 
starts transferring the image data to the corresponding HDD 
A 107a to HDD D 107d. 

[0065] As shoWn in FIG. 11, reception of image data from 
the CPU-DMA I/F section 201 and transfer of image data to 
the HDD A 107a to HDD D 107d can be executed at the 
same time since the HDD’s each has the pair of toggle FIFO 
memories 403. As shoWn in FIG. 12, When one of the paired 
toggle memories 403 is full in each HDD I/F and the other 
one of the toggle memories 403 is transferring image data to 
the HDD A107a to HDD D 107d from each HDD I/F, image 
data cannot be transferred to the FIFO memories 403. The 
corresponding one of the HDD I/F A 202a to HDD I/F D 
202d (DMAdata control sections 402a to 402d) thus negates 
the REQ signal such that the CPU-DMA I/F section no 
longer transfers image data to the corresponding FIFO 
memories 403. 

[0066] As explained above, according to the embodiment, 
the HDD array control IC (hard disk controller) 106 sets 
parameters or issues commands to all the HDD A 107a to 
HDD D 107d at the same time, via the register 201c that can 
be read/Written by the CPU 101. Further, for DMA transfer 
of image data, the HDD array control IC 106 divides and 
sends the image data to each of the HDD A 107a to HDD D 
107d the HDD’s at the same time among the HDD’s. As a 
result, it is possible to control a plurality of HDD’s just as 
simply as it is to control a single HDD, and to transfer image 
data fast by operating the plurality of HDD’s in parallel. 

[0067] An image formation apparatus according to a sec 
ond embodiment Will noW be explained While referring to 
FIGS. 13 and 14. The image formation apparatus according 
to the second embodiment is similar to that according to the 
?rst embodiment in its con?guration and the Way it operates 
and further detects any failures that occur in the HDD A 
107a to HDD D 107d. 

[0068] A method of detecting failures in the HDD A 107a 
to HDD D 107d Will be explained While referring to FIGS. 
13 and 14. FIG. 13 shoWs a state in Which one of the 
HDD’s, HDD B 107b, has failed. 

[0069] When an HDD out of a plurality of HDD’s fails, 
transfer of image data is interrupted midWay through and the 
REQ signal then Will not be asserted. Since the CPU-DMA 
I/F section 201 transfers image data only When all the REQ 
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signals are asserted, transfer of image data betWeen the 
DMA control IC 104 and the HDD array control IC 106 Will 
be terminated if one of the REQ signals is not asserted. 

[0070] As a result, a time-out error is caused since the 
CPU 101 does not receive from the HDD array control IC 
106 (CPU I/F section 201a), an interrupt to terminate the 
transfer of image data. Although it is obvious that there is a 
failure in one of the HDD A 107a to HDD D 107d, since all 
the HDD A 107a to HDD D 107d remain in a state in Which 
the data transfer command has not been executed com 
pletely, it is not possible to read the statuses of the HDD’s 
and determine Which one has failed. Therefore, it is also 
impossible to determine Which HDD is to be replaced. The 
second embodiment thus relates to a method of identifying 
any failed HDD’s. 

[0071] As shoWn in FIG. 13, even if one of the HDD’s 
fails and transfer of image data to that HDD is interrupted, 
since the other HDD’s each operates independently from the 
failed HDD, the DMA data control sections 402a to 402d 
corresponding to the other HDD’s each reads out all the 
image data from their FIFO memories 403 and then asserts 
the REQ signal to the CPU-DMA I/F section 201. That is, 
the DMA data control sections 402a to 402d assert the REQ 
signals When the FIFO memories 403 are able to receive 
data. The CPU I/F section 201a then detects the assertion of 
the REQ signals, and Writes in Whether the REQ signals 
from the DMA data control sections 402a to 402d are 
asserted or negated, into the HDCON register of the register 
201c. 

[0072] FIG. 14 shoWs an example of a format of the 
HDCON register. Registers REQA to REQD each corre 
sponds to the respective one of the HDD I/FA202a to HDD 
I/F D 202d. When the REQ signal is asserted, the value in 
each of the registers REQA to REQD is set to “1”, and if 
nagated, it is set to “0”. The registers REQA to REQD of the 
HDCON register can be monitored by the CPU 101. 

[0073] When a time-out error of data transfer is caused 
due to a failure in one of the HDD A 107a to HDD D 107d, 
the CPU 101 reads the HDCON register to determine the 
HDD negating the REQ signal, as the failed HDD. 

[0074] According to the second embodiment, the CPU I/F 
section 201a detects the REQ signal, Which is asserted by 
each of the DMA data control sections 402a to 402d When 
the corresponding FIFO memories 403 are able to receive 
data. The CPU I/F section 201a then Writes in the bit value, 
indicating the HDD that is not able to receive data, into the 
HDCON register. The CPU 101 reads the HDCON register 
to determine the failed HDD. Therefore, When one of the 
HDD’s has a failure causing a time-out error, the HDD With 
the failure can be easily recogniZed. 

[0075] An image formation apparatus according to a third 
embodiment Will noW be explained While referring to FIGS. 
15 to 18. The image formation apparatus according to the 
third embodiment is similar to that according to the ?rst 
embodiment in its con?guration and the Way it operates, and 
further detects a decrease in transfer rates of the HDD A 
107a to HDD D 107d. 

[0076] The overall transfer rate of all HDD’s is sometimes 
decreased When the transfer rate of one of the HDD’s is 
decreased due to some malfunction even if no time-out error 

is detected by the CPU 101. When this happens, it is unlikely 
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that the CPU 101 is able to easily determine the HDD With 
the malfunction. In the third embodiment, a method of 
identifying the HDD in Which the transfer rate is decreased 
due to some malfunction Will thus be explained While 
referring to FIGS. 15 to 18. 

[0077] FIG. 15 shoWs a state in Which the transfer rate of 
an HDD is decreased. When the transfer rate of the HDD C 
107c is decreased due to some malfunction, an assertion 
timing of the REQ signal from the DMA data transfer 
control section 402c in the HDD I/F C 202c corresponding 
to the HDD C 107c, Will be belated. The CPU I/F section 
201a in the CPU-DMA I/F section 201 compares assertion 
timings of the REQ signals from the HDD I/F A 202a to 
HDD I/F D 202d to detect the HDD in Which the transfer rate 
is decreased. 

[0078] FIG. 16 shoWs a counting operation of the CPU I/F 
section 201a in the CPU-DMA I/F section 201. The CPU I/F 
section 201a in the CPU-DMA I/F section 201 initiates a 
counter, When a ?rst assertion of one of the REQ signals (the 
assertion of the REQ signal from the DMA data control 
section 402a in the example shoWn in FIG. 16) generated by 
the DMA data control sections 402a to 402d in the HDD I/F 
A202a to HDD I/F D 202d, is executed, the assertion carried 
out When data transfer into another one of the FIFO memo 
ries 403 in the pair is started. After a number of clocks 
CLK’s (512 CLK’s in FIG. 16) set in a register not shoWn 
is counted, the REQ signals from the DMA data control 
sections 402a to 402d are sampled. 

[0079] If the CPU I/F section 201a detects negation of the 
REQ signal (that is, the REQ signal from the HDD I/F C 
202c in FIG. 16), the CPU I/F section 201a Writes Which 
one of the HDD’s Was detected to have the REQ signal 
negated, into the time-out register. FIG. 17 shoWs an 
example of a format of the time-out register. Bits TOA 1601, 
TOB1602, TOC1603, and TOD 1604 correspond to the 
respective one of the HDD A 107a to HDD D 107d (the 
DMA data control sections 402a to 402a) The CPU I/F 
section 201a clears the bits, TOA 1601, TOB1602, 
TOC1603, TOD1604 to a value “0” When starting transfer of 
image data to the FIFO memories, and sets the bit corre 
sponding to one of the HDD A 107a to HDD D 107d (the 
DMA data control sections 402a to 402a) from Which the 
negation Was detected, to a value “1”. According to the 
example shoWn in FIG. 16, the bit TOC 1603 is set to “1”. 
The CPU I/F section 201a leaves the bit as set Without 
executing any more detection of the signals shoWn in FIG. 
16, until the next transfer is initiated. 

[0080] After the image data transfer is completed, the 
CPU 101 monitors the bits TOA 1601, TOB 1602, TOC 
1603, and TOD 1604 in the time-out register, to detect the 
HDD in Which the transfer rate is decreased due to some 
malfunction. In the example shoWn in FIG. 15, the HDD C 
107c is detected as the HDD With the transfer rate decreased. 

[0081] As explained above, the CPU I/F section 201a 
detects the differences betWeen the times at Which the REQ 
signals from the HDD’s (the DMA data control sections 
402a to 402d) are asserted (When data transfer is possible) 
in accordance With states of data accumulated in the FIFO 
memories (buffer) 403 inside. If a time difference equal to or 
more than a threshold is detected, the bit corresponding to 
one of the DMA data control sections 402a to 402d that is 
the latest to assert the REQ signal, is set to “1” in the 
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time-out register. Accordingly, since the states of the FIFO 
memories 403 in the DMA data control sections 402a to 
402d are monitored, the HDD in Which some malfunction 
has occurred can be speci?ed out of the plurality of HDD’s 
connected to the DMA data control sections. 

[0082] The result of the detection is held in the time-out 
register When the counter once counts up to a number that 
exceeds a predetermined value from the time the ?rst 
assertion of the REQ signal is executed. As a result, there 
may be a situation as shoWn in the example of FIG. 15 due 
to an emergent disturbance such as vibrations, the situation 
in Which the result may be held in the time-out register. 
Therefore, an HDD that is actually Working properly could 
be determined as the HDD With some malfunction due to an 
emergent disturbance such as vibrations. 

[0083] A method of identifying the HDD in Which the 
transfer rate has decreased due to causes other than emergent 
disturbances such as vibrations, Will noW be explained. FIG. 
18 is a diagram, Which shoWs another example of the 
counting operation of the CPU I/F section 201a in the 
CPU-DMA I/F section 201. 

[0084] The CPU I/F section 201a in the CPU-DMA I/F 
section 201 initiates the counter When the ?rst assertion of 
one of the REQ signals is executed, the REQ signals 
generated by the HDD I/F A202a to HDD I/F D 202d When 
data transfer into another one of the FIFO memories 403 in 
the corresponding pair is started. After the counter counts up 
to a number of clocks (512 CLK’s in FIG. 18) set in the 
register not shoWn, the REQ signals from the HDD I/F A 
202a to HDD I/F D 202d are sampled. 

[0085] When the CPU I/F section 201a detects one of the 
REQ signals to be negated, the CPU I/F section 201a makes 
a pulse assertion (sets a bit) in a register TOX_S (X=A, B, 
C, or D) not shoWn. The TOA_S, TOB_S, TOC_S, and 
TOD_S each corresponds to the HDDA 107a (DMA data 
control section 402a), HDD B 107b (DMA data control 
section 402b), HDD C 107c (DMA data control section 
402c), or HDD D 107d (DMA data control section 402d), 
respectively. In the example shoWn in FIG. 18, since the 
REQ signal from the HDD I/F C 202c (the DMA data 
control section 402c) is negated, a pulse assertion is 
executed (the bit is set) in the TOC_S. 
[0086] When a number of pulse assertions (number of 
times the bit has been set) in the register TOX_S (X=A, B, 
C, or D) is equal to or greater than a number (16 in the 
example of FIG. 18) set in a register not shoWn, the CPU I/F 
section 201a sets the corresponding one of the bits TOA, 
TOB, TOC, and TOD in a time-out register shoWn in FIG. 
17 to a value “1”. The bits, TOA, TOB, TOC, and TOD in 
the time-out register are reset to “0” at the beginning of data 
transfer to the FIFO memories. In the example of FIG. 18, 
since 16 pulse assertions are made (the bit is set 16 times) 
in the register TOC_S, the bit TOC in the time-out register 
is set to a value “1”. 

[0087] The CPU 101 monitors the bits TOA 1601, TOB 
1602, TOC 1603, and TOD 1604 in the time-out register 
after transfer of image data is completed. Accordingly, the 
HDD (DMA data control section), in Which the transfer rate 
has decreased due to a cause other than an emergent distur 
bance such as vibrations, can be detected. 

[0088] As already explained, the CPU I/F section 201a 
detects the time differences betWeen the times at Which the 
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REQ signals are asserted When the FIFO memories 403 in 
the DMA data control sections 402a to 402d are able to 
receive data. If the time difference equal to or more than a 
threshold is detected, the bit corresponding to the DMA data 
control section in Which the transfer rate is decreased is set 
in the register. The number of times the bit has been set is 
counted for each of the DMA data control sections 402a to 
402d. When the number counted is equal to or more than a 
threshold, the corresponding bit of the DMA data control 
section is set in the time-out register, such that the CPU 101 
can read the time-out register to determine the DMA data 
control section in Which the transfer rate has been decreased. 
As a result, the CPU 101 no longer determines that the HDD 
in Which the transfer rate is temporarily decreased due to an 
emergent disturbance such as vibrations as the failed HDD. 
Therefore, it is possible to accurately specify the HDD in 
Which the transfer rate has been decreased, out of the HDD’s 
connected to the DMA data control sections. 

[0089] As explained above, the image formation apparatus 
according to one aspect of the present invention comprises 
an input unit, Which inputs image data, a central processing 
unit Which controls an overall operation of the apparatus, a 
memory Which stores one page of image data input by the 
input unit, a direct memory access controller Which controls 
reading/Writing of image data from/into the memory, a 
plurality of hard disk drives Which store image data, a hard 
disk controller Which sends/receives image data to/from the 
direct memory access controller and controls reading/Writ 
ing of image data from/into the plurality of hard disk drives, 
and an image formation unit Which forms images of image 
data. Further, the hard disk controller controls setting of 
parameters, issuance of commands, and reading of statuses 
for the plurality of hard disk drives approximately at the 
same time among the plurality of hard disk drives, and 
divides the image data to execute direct memory access 
transfer of the divided image data to the plurality of hard 
disk drives approximately at once. Accordingly, the hard 
disk controller is able to control setting of parameters, 
issuance of commands, and reading of statuses for the 
plurality of HDD’s approximately at the same time among 
the plurality of HDD’s. Moreover, the hard disk controller 
can execute DMA transfer of image data to the plurality of 
HDD’s approximately at once. Therefore, it is possible to 
achieve fast image transfer to a plurality of HDD’s With such 
a simple con?guration, and to provide an image formation 
apparatus comprising a hard disk controller that is able to 
efficiently control a plurality of HDD’s as a single HDD. 

[0090] Moreover, the hard disk controller includes a cen 
tral processing unit-direct memory access interface section 
Which interfaces the central processing unit With the direct 
memory access controller, and a plurality of hard disk drive 
interfaces each of Which independently reads/Writes image 
data from/into the corresponding one of the plurality of hard 
disk drives. The central processing unit-direct memory 
access interface section has a central processing unit inter 
face section and a direct memory access interface section. 
The central processing unit interface section has a register 
that can be read/Written by the central processing unit, and 
decodes commands set into the register by the central 
processing unit and instructs the central processing unit to 
generate signals that instruct reading/Writing into the plu 
rality of hard disk drives and to initiate direct memory 
access. The direct memory access interface section divides 
image data and executes direct memory access transfer of 
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the divided image data to the plurality of hard disk drive 
interfaces When the plurality of hard disk drive interfaces are 
all ready to receive data. The plurality of hard disk drive 
interfaces each has a buffer Which stores image data inside, 
a direct memory access data control section, and a state 
machine. The direct memory access data control section 
transfers image data transferred from the direct memory 
access interface section to the state machine after storing the 
image data into the buffer. The state machine generates 
access signals for command Writing and status reading into 
and from the hard disk drive When the central processing 
unit interface section instructs the state machine to read/ 
Write. The state machine generates an interface signal of 
direct memory access for the hard disk drive and executes 
direct memory access transfer of image data, When the state 
machine is instructed by the central processing unit interface 
section to initiate direct memory access. Accordingly, the 
CPU Writes a command into the register in the CPU I/F 
section of the hard disk controller such that the CPU I/F 
section can make an instruction to generate signals that 
instruct reading/Writing into the plurality of hard disk drives 
and to initiate direct memory access. Furthermore, the 
plurality of HDD I/F’s can read/Write image data from/into 
the plurality of HDD’s independently from each other. As a 
result, an image formation apparatus can be provided, Which 
comprises a hard disk controller that is able to control a 
plurality of hard disk drives even more efficiently as a single 
hard disk drive With a simple con?guration. 

[0091] Furthermore, the register comprises Write registers 
Which are to be Written by the central processing unit and 
each common to the plurality of hard disk drives, and read 
registers Which are to be read by the central processing unit 
and provided one each for each of the plurality of hard disk 
drives. The central processing unit Writes in one value into 
the corresponding one of the Write registers When a com 
mand is to be issued to or a parameter is to be Written into 
the plurality of hard disk drives, and the central processing 
unit interface section accordingly issues What has been 
Written into the Write register to the plurality of hard disk 
drives approximately at the same time. The central process 
ing unit interface section Writes in values readout from the 
plurality of hard disk drives approximately at the same time, 
into the read registers, the values representing statuses and 
parameters of the plurality of hard disk drives. Accordingly, 
the CPU Writes one value into the register, the value repre 
senting a command or a parameter for the HDD’s such that 
the command or the parameter can be issued to the plurality 
of HDD’s at the same time. Moreover, the CPU is able to 
read different values at once, the values representing statuses 
or parameters of the plurality of HDD’s. As a result, it is 
possible to provide an image formation apparatus compris 
ing a hard disk controller Which enables issuance of com 
mands and parameters and reading of status and parameters 
to and from a plurality of HDD’S ef?ciently. 

[0092] Moreover, the central processing unit interface 
section issues an interrupt to the central processing unit after 
receiving all interrupt signals asserted by the plurality of 
hard disk drives When direct memory access transfer of 
image data to the plurality of hard disk drives is completed. 
Accordingly, the CPU I/F section issues an interrupt to the 
CPU after direct memory access transfer of image data to the 
plurality of HDD’s is completed. As a result, an image 
formation apparatus comprising a hard disk controller that 
can prevent errors in image data transfer can be provided. 














